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Executive summary 


Pak Elektron Limited (PEL) is the pioneer manufacturer ofeiectricai goods in Pakistan. The 
company has always been contributing towards the advancement and development of the 
engineering sector in Pakistan by introducing a range of quality electrical equipment, home 
appiiances and by producing hundreds of engineers, skiiied workers and technicians through its 
apprenticeship schemes and training programmers recently have done my internship in PEL, in 
which I got training from its switchgear unit. 

The internship basicaily revoived around the switchgear components, manufacturing, panels 
design, l&QC and maintenance. The system, the style ofworking & the commitment of the 
employees in PEL is really exempiary. 

In this report I have given a very brief review ofwhat I have seen and learnt du ring my internship. 
I have mentioned all these as I have made an internship according to the scheduie. This report 
will give its reader knowledge about the PEL and power division especially about switchgear unit. 

I have made it possible to write each and every thing that I have learnt here. I have all my 
practical efforts in the form of this manuscript that is the asset for my future career. 
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Pak Elektron limited 


Vision 


To Excel in providing engineering goods and services through continuous improvement 


Mission 


• To provide quality products and services to the complete satisfaction of our customers and 
maximize returns for all stake holders through optimal use of resources. 

• To promote good governance, corporate values, and safe working environment with strong 
sense of social responsibility. 
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Pak Elektron limited 


Introduction: 

PEL was established in 1956 in technical collaboration with M/s AEG of Germany. In 
October1978, the company was taken over by Saigol Group of Companies. At that juncture, the 
company was only manufacturing transformers and switchgears. With the Saigols in 
management, PEL started expanding its product range by entering into Air Conditioner 
manufacturing.PEL has two divisions of its business. 

• Appliances Division 

• Power Division 

A ppliances Division 

Appliances Division is the flag carrier of the Saigol Group. Appliances Division includes the 
products; Air Conditioner, Refrigerator, Washing Machine, Water Dispenser and Microwave 
Oven. Today, PEL has become a household name. lts products are not only in great demand in 
the local market but the Company has also started exporting its appliances to foreign markets. 

Power Division 

PEL Power Division is one of the major electrical equipment suppliers to WAPDA & KESC 
Sincel 956 the company manufactures transformers, energy meters, switchgears, kiosks, 
compact stations and shunt capacitor banks. PEL also has had the privilege of getting its 
equipment approved and certified from well-reputed international consultants 

Certifications 

PEL was 16 th Company in Pakistan that got ISO 9001 Certification in 1997, since then PEL 
management is applying this International Standard Practices for Effectively Managing Quality 
of Products and Services that Company Offers. PEL products are certified Under IS090012008, 
KEMA, UKAS for many years. PEL LV Panels are totally type tested (TTA) as per IEC 60439 
Standard and certified by world renowned Independent laboratories KEMA (Netherlands). 
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Learning Objectives: 

Day (1 -4) 


Contents 
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• Medium voltage panels 

• Low voltage panels 
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Introduction: 

A great demand for electrical energy is a notable feature of modern civilization. Most of this 
energy is needed for lighting, heating, domestic appliances, industrial electrical machinery and 
electric traction. The importance of electric supply in everyday life has reached such a stage 
that it is desirable to protect the power system from harm during fault conditions and to 
ensure maximum continuity of supply. For this purpose, means must be provided to switch on 
or off generators, transmission lines, distributors and other equipment under both normal and 
abnormal conditions. This is achieved by an apparatus called switchgear. 

"The apparatus used for switching, controlling, isolating and protecting the electrical circuits and 
equipment is known as switchgear ." 

Features: 

Some features of switchgear are listed below 

• Complete reliable 

• Absolutely certain discrimination 

• Quick operation 

• Provision for manual control 

• Provision for equipment 



LV switchgear panel 
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Switchgear components 


7 . Circuit breaker: 


"A circuit breoker is an equipment which can open or close a circuit under 
all conditions viz. no bad, full bad and fault conditions. It is so designed that it can be 
operated manually (or by remote control) under normal conditions and automatically 
under fault conditions ." 


Working: 

Under normal operating conditions, the contacts remain closed and the circuit breaker 
carries the full-load current continuously. In this condition, the e.m.f. in the secondary 
winding of current transformer (C.T.) is insufficiënt to operate the trip coil of the breaker 
but the contacts can be opened (and hence the circuit can be opened) by manual or 
remote control. When a fault occurs, the resulting overcurrent in the C.T. primary 
winding increases the secondary e.m.f. This energies the trip coil of the breaker and 
moving contacts are pulled down, thus opening the contacts and hence the circuit. 

The are produced during the opening operation is quenched by the oil. It is interesting 
to note that relay performs the function of detecting a fault whereas the circuit breaker 
does the actual circuit interruption. 

Fig. (i) Shows the parts of a typical oil circuit breaker whereas (ii) shows its control throw 
a relay. 


Termmal 



Bus bar 
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2. Cqntrgl Relavs: 

"A relay is o device which detects the fault and supplies Information to the breaker 
for circuit interruption." 

Fundamental requirements of control relay: 

Fundamental function of relay is to sense the fault current. A protective relay should 
have the following qualities 
o Selectivity 
o Speed 
o Sensitivity 
o Reliability 
o Simplicity 
o Economy 
Working: 

Under normal load conditions, the e.m.f. of the secondary winding of C.T. is small and 
the current flowing in the relay operating coil is insufficiënt to close the relay contacts. 
This keeps the trip coil of the circuit breaker unenergized. Consequently, the contacts of 
the circuit breaker remain closed and it carries the normal load current. When a fault 
occurs, a large current flows through the primary of C.T. This increases the secondary 
e.m.f. and hence the current through the relay operating coil. The relay contacts are 
closed and the trip coil of the circuit breaker is energized to open the contacts of the 
circuit breaker. 


Bus-ba r 


C B 


cl 


:.T.^ 
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A CT is an instrument transformer in which the secondary current is substantially 
proportional to primary current and differs in phase from it by ideally zero degree. n 
case of CT, primary current is the system current and this primary current or system 
current transforms to the CT secondary, hence secondary current or burden current 
depends upon primary current of the current transformer. 


4. Potential transformer 

Potential transformer or voltage transformer gets used in electrical power system for 
stepping down the system voltage to a safe value which can be fed to low ratings 
meters and relays. Commercially available relays and meters used for protection and 
metering, are designed for low voltage. This is a simplest form of potential transformer 
definition. The secondary voltage of the PT is generally 110 V. In an ideal potential 
transformer or voltage transformer, when rated burden gets connected across the 
secondary; the ratio of primary and secondary voltages of transformer is equal to the 
turn ratio and furthermore, the two terminal voltages are in precise phase opposite to 
each other. 


5 . Surae arrestor: 

Transient voltage surges, sometimes called "spikes", are short-term deviations from a 
desired voltage level or signal, which can cause equipment malfunction or damage. 
Surge arrestor is a device which is used for protecting an electrical apparatus from 
damage by lightning or a high current surge. 


6. Interlgcks: 

An interlock is a device used to prevent undesired States in a state machine. Basic 
interlocking functions can be introduced in one given functional unit; some of these 
functions are made mandatory by the IEC 62271-200, for metal-enclosed switchgear, 
but some others are the result of a choice from the user. 

7 . Bus bar Arrangement 

When a number of generators or feeders operating at the same voltage have to be 
directly connected electrically, bus-bars are used as the common electrical component. 
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Bus-bars are copper rods or thin walled tubes and operate at constant voltage, it has the 
following types 

o Single bus bar 

o Single bus bar with Sectionalisation 
o Duplicate bus bar 


Circuit breaker and its types' overview 


Circuit Breaker: 

A circuit breaker is a piece of equipment which can 

• make or break a circuit either manually or by remote control under normal conditions 

• break a circuit automatically under fault conditions 

• make a circuit either manually or by remote control under fault conditions 

Thus a circuit breaker incorporates manual (or remote control) as well as automatic control for 
switching functions. The latter control employs relays and operates only under fault conditions. 

Operating principle: 

A circuit breaker essentially consists of fixed and moving contacts, called electrodes. Under 
normal operating conditions, these contacts remain closed and will not open automatically 
until and unless the system becomes faulty. Of course, the contacts can be opened manually 
or by remote control whenever desired. When a fault occurs on any part of the system, the trip 
coils of the circuit breaker get energized and the moving contacts are pulled apart by some 
mechanism, thus opening the circuit. When the contacts of a circuit breaker are separated 
under fault conditions, an are is struck between them. The current is thus able to continue until 
the discharge ceases. The production of are not only delays the current interruption process 
but it also generates enormous heat which may cause damage to the system or to the circuit 
breaker itself. Therefore, the main problem in a circuit breaker is to extinguish the are within 
the shortest possible time so that heat generated by it may not reach a dangerous value. 

Are phenomenon: 

When a short circuit occurs, a heavy current flows through the contacts of the *circuit breaker 
before they are opened by the protective system. At the instant when the contacts begin to 
separate, the 
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contact area decreases rapidly and large fault current causes increased current density and 
hence rise in temperature. The heat produced in the medium between contacts (usually the 
medium is oil or air) is sufficiënt to ionise the air or vapourise and ionise the oil. 


The ionised air or vapour acts as conductor and an are is struck between the contacts. The 
potential difference between the contacts is quite small and is just sufficiënt to maintain the 
are. The are provides a low resistance path and consequently the current in the circuit remains 
uninterrupted so long as the are persists. 


Methods of_Arc extinctigm 


Two common methods has been described here for are extinction. 


• High resistance method: 

In this method, are resistance is made to increase with time so that current is reduced to 
a value insufficiënt to maintain the are. Consequently, the current is interrupted or the 
are is extinguished. The principal disadvantage of this method is that enormous energy 
is dissipated in the are. Therefore, it is employed only in d.c. circuit breakers and low- 
capacity a.c. circuit breakers. 

• Low Resistance /_zerg current niethgd: 

This method is employed for are extinction in a.c. circuits only. In this method, are 
resistance is kept low until current is zero where the are extinguishes naturally and is 
prevented from restriking in spite of the rising voltage across the contacts. All modern 
high power a.c. circuit breakers employ this method for are extinction. In an a.c. system, 
current drops to zero after every half-cycle. 

At every current zero, the are extinguishes for a brief moment. Now the medium 
between the contacts contains ions and electrons so that it has small dielectric strength 
and can be easily broken down by the rising contact voltage known as restriking 
voltage. If such a breakdown does occur, the are will persist for another half cycle. If 
immediately after current zero, the dielectric strength of the medium between contacts 
is built up more rapidly than the voltage across the contacts, the are fails to restrike. 
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Types of circuit breaker: 
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There are several ways of classifying the circuit breakers. However, the most general way of 
classification is on the basis of medium used for are extinction. Other most common way is 
describing them by the rated voltage range. 

Based on mted voltage : 


• Low Voltage CB (up to 1000V) 

• Medium voltage CB (1kV-71.5KV) 

• High Voltage CB ( > 71.5KV) 


Clgssificgtion based_ on gre extinction niediunv 


• Oil Circuit breaker 

• Air-blast Circuit breaker 

• SF6 Circuit breaker 

• Vacuum circuit breaker 

Here I will describe only those circuit breakers and their characteristics which are used in PEL 
low voltage and medium voltage panels. 

7 . Oil Circuit breaker 


In such circuit breakers, some insulating oil (e.g., trans- 
former oil) is used as an are quenching medium. The con- 
tacts are opened under oil and an are is struck between 
them. The heat of the are evaporates the surrounding oil 
and dissociates it into a substantial volume of gaseous hy- 
drogen at high pressure. The hydrogen gas occupies a 
volume about one thousand times that of the oil decom- 
posed. The oil is, therefore, pushed away from the are and 
an expanding hydrogen gas bubble surrounds the are re- 
gion and adjacent portions of the contacts (See Fig.) 

The are extinction is facilitated mainly by two processes. 

Firstly, the hydrogen gas has high heat conductivity and 
cools the are, thus aiding the de-ionization of the medium between the contacts. Secondly, the 
gas sets up turbulence in the oil and forces it into the space between contacts, thus eliminating 
the arcing products from the are path. The result is that are is extinguished and circuit current 
interrupted. 



14 | P a g e 



University of Engineering & Technology, Lahore 




































Change your life 

2 . Air Circuit blaken 
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These breakers employ a high pressure air as an are quenching medium. The contacts are 
opened in a flow of air-blast established by the opening of blast valve. The air-blast cools the 
are and sweeps away the arcing products to the atmosphere. This rapidly increases the 
dielectric strength of the medium between contacts and prevents from re-establishing the are. 
Consequently, the are is extinguished and flow of current is interrupted. 

CHARACTERISTICS 


• Rated current up to 1000 A. 

• Trip characteristics often fully adjustable including configurable trip thresholds and 
delays. 

• Usually electronically controlled. Some models are microprocessor controlled. 

• Often used for main power distribution in large industrial plant, where the breakers are 
arranged in draw-out enclosures for ease of maintenance. 

3. Vacuum Circuit breaker: 


The production of are in a vacuum circuit breaker and its extinction can be explained 
as follows : When the contacts of the breaker are opened in vacuum (10 to 10 torr), an are is 
produced between the contacts by the ionization of metal vapors of contacts*. However, the 
are is quickly extinguished because the metallic vapors, electrons and ions produced during are 
rapidly condense on the surfaces of the circuit breaker contacts, resulting in quick recovery of 
dielectric strength. The reader may note the salient feature of vacuum as an are quenching 
medium. As soon as the are is produced in vacuum, it is quickly extinguished due to the fast 
rate of recovery of dielectric strength in vacuum. 


Insulating vessel 


J 


CHARACTERISTICS 


With rated current up to 3000 A. 

These breakers interrupt the are in a vacuum bottle. fi*«i 
These can also be applied at up to 35,000 V. 

Vacuum circuit breakers tend to have longer 
life expectancies between overhaul than do air 
circuit breakers. 



Arcing range 


Are shield 

Beliows 

Jr v ~m 


MovaWe 

merrber 
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Make gnd_ other specification: 
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VCB which are used in PEL MV panels are made by the following manufacturers 

• LS 

• Hundai 

Current rating: 12.5KVA 
Insulation level: 36/95KV 
Breaking capacity: 750MVA 


4. Min ia ture Circuit breaker: 


Miniature circuit breaker is low current circuit breaker. They are rated up to 
a very low current. We have to reset the m by our self. 

CHARACTERISTICS 


• Rated current not more than 100 A. 

• Trip characteristics normally not adjustable. 

• Thermal or thermal-magnetic operation. 


100A. They trip at 





5 . Molded case circuit breaker: 


Molded case circuit breaker has high current bearing capacity as compare to miniature circuit 
breaker. They are rated up to 2000A. 


CHARACTERISTICS 


• Rated current up to max 2000 A. ( 630A-35A) 

• Trip current may be adjustable. 

• Thermal or thermal-magnetic operation. 

Specifications: 


MCCB which are used in PEL LV panels have the following 
Specifications 



Make: Schneider / ABB 
Rated current: 35 A 
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Circuit breaker Rating and parameters 


Nomingl voltage: 

IT is the voltage at which the circuit-breaker has been designed to operate, in normal 
(undisturbed) conditions. Other values of voltage are also assigned to the circuit-breaker, 
corresponding to disturbed conditions. 

Rgted voltage: 

Rated voltage is the maximum voltage which a circuit breaker can withstand. It has no effect no 
performance as a circuit breaker is designed for current interruption. 

Nomingl /rated current: (L ) 

This is the maximum value of current that a circuit-breaker, fitted with a specified overcurrent 
tripping relay, can carry indefinitely at an ambient temperature stated by the manufacturer, 
without exceeding the specified temperature limits of the current carrying parts. it's the current 
at which circuit breaker is designed for interruption of fault current. It depends upon load. 

Three other important parameters are described in the table below. 


Ultimate current capacity 
(ICU) 


Service current capacity 
(ICS) 


Withstand current capacity 
(ICW) 


ICU is really the maximum 
perspective fault which a circuit 
breaker can clear (with the fault 
current being expressed as rms for 
ac). This is verified by testing in 
accordance with the Standard and is 
applicable at a specific set of 
electrical and environmental 
conditions. If these conditions 
change then it may be necessary to 
operate the circuit breaker. After 
clearing a fault the circuit breaker 
does not have to remain serviceable 
and could be dangerous to operate. 


ICS is the maximum perspective 
fault current which the circuit 
breaker can clear and still remain 
serviceable. The Standard does 
allow some minor welding of the 
contacts to take place, so after a 
large fault it would still be necessary 
to inspect the breaker. When 
specified as a percentage of ICS, the 
Standard proposes ranges of 25%, 
50%, 75% and 100%. 

Maximum three service current can 
bear after that it need to be 
replaced 


This is the steady state symmetrical 
fault current the breaker has to be 
able to carry for a duration of 0.05s 
to 3s without exceeding its thermal 
integrity lts specified in terms of 
time till the circuit breaker can 
withstand short current. It specified 
as ICU/time 
Example : 

If the time is 3s and ICU of circuit 
breaker is 50KA than ICW is 
specified as 
50KA/3sec 

Relay does not detect thorough 
faults. 
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Accessories of circuit breaker: 

Following are some accessories of a circuit breaker. 
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• CCz close coil: Motor is used to charge the spring and contacts are closed 

• SC - Shunt coil : It's also known as trip coil 

• UVT: Under voltage protection unit 

• Auxiligry_ contacts: Electrically separate low current contacts. Auxiliary contacts are 
secondary switching devices that work in conjunction with primary switching equipment 
such as circuit breakers, relays, and contactors. These contacts are physically linked to 
the main switching mechanism and activate at the same time it does. 

• Power contgctor A power contactor is an electrically controlled switch used for 
switching a high current power circuit, similar to a relay except with higher current 
ratings. 

Diagram: 


R, Y, B- Three phase supply 
SC- Trip coil 
CC-close coil 
UVT-under voltage 


R Y B 

<=> 



Phase 



One change over 
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Breakers curves / relay curves: 
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Breaker curve is curve between operating time and the value of fault current 


LV breaker It's important to note that in case of Low voltage no external relay is used and CB 
itself sense the fault current and operate. 


MV_ beaker While in case of medium voltage we use separate relay to sense the fault current 
and CB operate in response to that fault current. 


"Therefore we have breaker curves in case of Low voltage and relay curves in case of medium 
voltage" 



Clgssificgtion on the base of breaker curve: 


Class B: Short circuit current is 3-5 time the nominal current 
Class C: Short circuit current is 5-8 time the nominal current 
Class D: Short circuit current is 8-15 time the nominal current 


Other imp confiaurations: 

Single pole: In case single phase, we have CB in live wire only. 

Doublé po/e: In case single phase, we have CB in live wire as well on neutral wire. 

Three po les: In case three phase, we have CB on phase lines but no CB in neutral wire line 
Fgur po/es: We have CB on phase lines as well in neutral wire line. We can detect 

• Earth fault 

• Unbalanced load 
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Protective Relays 


Introduction: 

A protective relay is a device designed to trip a circuit breaker when a fault is detected. The first 
protective relays were electromagnetic devices, relying on coils operating on moving parts to 
provide detection of abnormal operating conditions such as over-current, over-voltage, reverse 
power flow, over- and under- frequency. 

Protective relay: 

"A protective relay is a device that defects the fault and initiates the operation of the circuit 
breaker to isolate the defective element from the rest of the system". 

The relays detect the abnormal conditions in the electrical circuits by constantly measuring the 
electrical quantities which are different under normal and fault conditions. The electrical 
quantities which may change under fault conditions are voltage, current, frequency and phase 
angle. Through the changes in one or more of these quantities, the faults signal their presence, 
type and location to the protective relays. Having detected the fault, the relay operates to close 
the trip circuit of the breaker. This results in the opening of the breaker and disconnection of 
the faulty circuit. 

A typical relay circuit is shown in Fig This diagram 
shows one phase of 3-phase system for simplicity. The relay cir¬ 
cuit connections can be divided into three parts viz. 

(i) First part is the primary winding of a current transformer 
(C.T.) which is connected in series with the line to be protected. 

(ii) Secondpart consists of secondary winding of C.T. and 
the relay operating coil. 

(Ui) Thirdpart is the tripping circuit which may be either a.c. 
or d.c. It consists of a source of supply, the trip coil of the circuit 
breaker and the relay stationary contacts. 

When a short circuit occurs at point on the transmission line, the current flowing in the line 
increases to an enormous value. This results in a heavy current flow through the relay coil, 
causing the relay to operate by closing its contacts. This in turn closes the trip circuit of the 
breaker, making the circuit breaker open and isolating the faulty section from the rest of the 
system. In this way, the relay ensures the safety of the circuit equipment from damage and 
normal working of the healthy portion of the system. 
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Fundamental Requirements of Protective Relavinq: 


The principal function of protective relaying is to cause the prompt removal from service of any 
element of the power system when it starts to operate in an abnormal manner or interfere with 
the effective operation of the rest of the system. In order that protective relay system may 
perform this function satisfactorily, it should have the following qualities. 


o Selectivity 
o Speed 
o Sensitivity 
o Reliability 
o Simplicity 
o Economy 


Basic relays & working principle: 

Most of the relays used in the power system operate by virtue of the current and/or voltage 
supplied by current and voltage transformers connected in various combinations to the system 
element that is to be protected 

Most of the relays in service on electric power system today are of electro-mechanical type. 
They work on the following two main operating principles: 
o Electromagnetic attraction 
o Electromagnetic induction 
Most common relays which are used in power system are 

• Differential relay 

• Earth fault relay 

• DC supervision relay 

• Distance relay 

• Balance beam relay 

DC Supervision relay: 

This type of relay is used to supervise the DC current in the panels. DC supply is necessary to 
maintain the digital components in operation. It does also indicate trip coil fault operation in 
CB by indicating on trip coil faulty indicator. 

DC supervision relay which is used in PEL MV panels has the following make. 

Make: E-Labs 
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Instrument Transformer 


Introduction: 


As the measuring equipment are designed for low value of current and violate while the line in 
the substation operate at high voltages. So, there is no device with which we can measure this 
high value of current and voltages. Instruments transformer r are used t step the quantity to be 
measured in the suitable range of measuring instrument. Therefor we install instrument 
transformer on power line. 

There are two types of instrument transformer. 

7 . Current transformer: 

A CT is an instrument transformer in which the secondary current is substantially 
proportional to primary current and differs in phase from it by ideally zero degree. In 
case of CT, primary current is the system current and this primary current or system 
current transforms to the CT secondary, hence secondary current or burden current 
depends upon primary current of the current transformer. Normally it has 100/5 ratio. 

It has two types 

• Shell type 

• Box type 
Further it can be 

• Single core 

• Doublé core 

Doublé core: We have two cores on the secondary side. One is used for protection and 

other is used for measuring 

Specification: 

Ratio - 100/5 
Terminal current - 12.5KA 
Make-PEL 
VA/Burden-10 

Main Primary 
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2. Potential trgnsformen 
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Potential transformers (PT) (also called voltage transformers (VT)) are a parallel 
connected type of instrument transformer. They are designed to present negligible load 
to the supply being measured and have an accurate voltage ratio and phase relationship 
to enable accurate secondary connected metering. 


Potential transformer or voltage transformer gets used in electrical power system for 
stepping down the system voltage to a safe value which can be fed to low ratings 
meters and relays. Commercially available relays and meters used for protection and 
metering, are designed for low voltage. This is a simplest form of potential transformer 
definition. The secondary voltage of the PT is generally 110 V. In an ideal potential 
transformer or voltage transformer, when rated burden gets connected across the 
secondary. 


Ratio- 11,000/110 



tt* vo*rf 


Important: 

"Although CT step down the current but voltage increases on the secondary. But this does not 
effect as on secondary connection are short. 


Similarly in case of VT on secondary we have high current but in that case we have open 
connection on the secondary." 
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CNC Fabrication 
Workshop 

Day (5-7) 
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CNC Fabrication Workshop 


Introduction: 


Computerized numerical control machines are installed for fabrication. Pro-cam software based 
machines convert autoOcad design in pro-cam design and fed to CNC machines. 

In CNC (Computerized Numerical Control) fabrication shop different processes are being held 
for the manufacturing of different panel which are given below; 

• Shearing 

• Punching 

• Bending 

• Fabrication 
Materials being used are 

• Mild Sheet 

• Aluminum Sheet 

• Stainless Steel Sheet 

• Copper 

• HS 

Fabrication process overview: 

The procedure through which the sheet passes is given by 


• Sheets which are being operated are cut in shearing machine according to the 
drawing and requirement. 

• Punched sheet is then punched to make holes in it. 

• Punched sheet is then sent to the bending machine, which bends the sheet 
according to the requirement and drawing. 

• After that the sheets are sent to the welding shop for welding. 
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Now explanations of different machines are given below. 
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7. CA/C Shearing Machine: 

lt is used for cutting of the sheets from the outside. It uses both electrical and hydraulic system 
for operating. 

General steps include data preparation, data edit, program skeleton & Parameter values 
assigning. 

o Thickness of sheets under operation can range from 
1.5 mm - 6.0 mm 

o Max width of sheets which the machine can cut is 1000 mm. 
o Max hydraulic pressure which the machine can apply is 6 tons. 

o The hydraulic pressure can be varied according to the requirement and according to the 
thickness of sheet. 

o Blades can be changed when they are rough. 
o Mostly 2.5 mm sheets are used in HT panel, 
o Mostly 3.0 mm sheets are used in LT panel. 

o Tools required in CNC shearing machines are measuring tape, micrometer filter gauge, 
spanner, Greece gun, L key set and oil gun. 

Specificotions gncj moke: 

S Delem 
■S PR6C 
✓ 150*3100mm 
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lt is used for making holes and cutting of sheet internally. 

For operating punching machine four servo motor are being used which are: 
o For the rotation of die 
o For x-direction motion of loader 
o For y-direction motion of loader 
o For the indexing of tooi 

o One simple motor is used for pumping of oil and creating hydraulic pressure. 
o Max 32 tools can be fitted on the main die of punching machine, 
o Hydraulic and pneumatic pressures, both are being used in the punching machine, 
o Different shapes which are being formed in the punching machine are given below 

■ Round 

■ Obround 

■ Square 

■ Rectangle 

■ Downform 

■ Knockout 

■ Counter-Sunk 

■ Louvers 

For CNC coding we convert AutoCAD drawing into proCAM drawing and send the information 
to the CNC machine. 

Different tools which are being used in the CNC punching machines are spanned set, 
measuring tape, oil cane, and copper rod, die punch and punch key set. 
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3. CA/C Bending. Machine: 
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lt is used for the bending of the sheet. In bending machine a combination of die and puncher 
is being used. Here we are using two types of punchers their dimensions are given by; 

One puncher is used for single bending having; 


o © = 88 . 0 ° 
o Height = 175.70 mm 

o 


Radius = 0.10 mm 
2 nd type of puncher is for channels having; 
o © = 88 . 0 ° 
o Height = 185 mm 
o Radius = 0.10 mm 

Different tools which are being used in CNC bending machine are measuring tape, Tri square 
and vernier caliper. Some of the products which are being manufactured in CNC fabrication are 
given below; 

LT and HT panels, 

Pad mounted panels, 

Submain panels, 

DBs, 

LT service box 
Meter security box etc. 
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Panel Welding 
Workshop 

Day (7-9) 
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Panel welding workshop 


Welding Workshop: 

Afterwards when the sheets come from CNC fabrication they are welded. In the welding shop 
different types of welding are being held which are; 

• Are Welding 

• Spot Welding 

• Gas Welding 

• Mig welding 

• Stud welding 

7. Are Weldingi 

• Different tools required for are welding are welding plant, welding cable, welding 
electrode holder, chipping hammer, welding electrodes, welding screen, earth lead, 
measuring tape, tri square, gloves, 

size cutter, chalk, safety shoes and surface plate. 

• Capacity and different specifications of are welding machine are given by; 


O 

Current 

70 A-l 

o 

Capacity 

35 KVA 

o 

R.T.D Load V 

40V 

o 

See.No.Load V 

80V 

o 

Duty Cycle 

40% 


• The principle on which the are welding works is given by 

"High current is passed through the electrode when the electrode touches the surface to 
be welded that consequently melts the surface and weids the surface." 

• Due to change in thickness the current rating also changes their specification are given 
below 


Sheet Thickness 

Current 

1.5-3 mm 

75- 100 A 

2.5 - 4 mm 

100- 175 A 

4-10 mm 

165 -225 A 
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2. Spot Welding: 

• Set welding current and time according to table. Start welding to press the pedal of 
machine. 

• Different specifications of spot welding machine are given below; 


o Capacity 35 KVA 

o Input Current 50 A 

o Input Volts 415 V 

o Frequency 50/60 Hz 


3. Gas Welding: 

• Flame being used in the gas welding section is of oxy - acetylene. 

• Oxygen cylinders and acetylene cylinders are being used in gas welding. 

• Differences between oxygen and acetylene cylinders are; 

o Oxygen cylinders have blue cap on it and acetylene cylinder have red cap on it. 
o Oxygen cylinder opens in clockwise direction and acetylene cylinder in counter- 
clockwise direction. 

• Brass tools are used in gas welding. 

• Comparatively gas welding is less costly than are welding. 

• Cutting is also being done in gas welding. For cutting operation acetylene is increased 
with respect to oxygen. 

• In both the gases acetylene is a flammable material. Acetylene burns and oxygen helps 
it in burning. 

4. Mig Welding: 

• MIG welding, a process in which an electric are forms between 

consumable wire electrode and the work-piece metal(s), which heats the work-piece 
metal(s), causing them to melt, andjoin. Different tools required for mig welding are 
welding plant, welding cable, welding electrode holder, chipping hammer, welding wire, 
welding screen, earth lead, measuring tape, tri square, gloves. 

• In that case we don't use road instead we use a coil made of material mild steel. 

• Benefit of using mile steel wire is that no flex is produced as it was in the case of are 
welding. 
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5. Stucj Weldingi 

• Stud welding is a welding where a bolt or specially formed nut is welded onto 
another metal part. The bolts may be automatically fed into the spot welder. Stud 
welding is a complete one-step fastening system, using a wide variety of fasteners 
called weid studs. 

• In this welding process a fastener can be end-joined to a metal work piece 
instantaneously for a high quality, high strength permanent bond. 

• This process is less expensive than other fastening methods and can used in 
locations which do not allow the use of other fasteners. Weid Studs can be installed 
by one man, working on one side of the work piece, in less than a second. 

Advantages: 

• Almost any size or type of stud can be welded 

• With the Are process, you obtain a full fusion weid that becomes stronger than the stud 
itself 

• Diameters up to 1-1/4" 

• Labor costs are dramatically reduced with the process because through-hole 
preparation is eliminated and the weid can be completed by a single worker 

• Penetration of weid zone for structural-type strength 

• No holes to drill 
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Panel painting 
Workshop 
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Panel painting workshop 


Panel painting workshop 

For painting of panel we have panel paint workshop. Two types of painting are being done in 
panel painting shop. 

• Enamel Paint Shop (Uses Liquid for Painting) 

• Powder Paint Shop (Uses Powder for Painting) 

Below are some common steps in painting 

S De rusting 
S Filling 
S Finishing 
S Enamel 

Let's have a brief introduction about both paint workshop. 

1. Liquid Paint workshop: 

Although still very common in the industrial world, conventional liquid painting is becoming 
less widespread due to the fact that powder coating is virtually harmless to the 
environment, while liquid paints will emit VOC's. Flow diagram of liquid painting is given 
below 



O 



However, liquid coatings do offer some advantages over powder coating. First of all, liquid 
paint does not form as thick or heavy of a coat (known as and measured in mil thickness) as 
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powder coating. This is extremely important when working with very tight and specific 
tolerances that are involved with the final assembly of a product. 


Secondly, liquid paint is an excellent alternative to powder coating when working with very 
specialized paint colors that may be too difficult or time consuming to be color matched as 
a powder. This is especially true when dealing with metallic or high gloss colors. 


In addition, liquid paint can be applied to any type of surface and does not require the use 
of heat to achieve curing. Liquid painting is very common when dealing with smaller, short 
run quantities that can be done in batches. For painting the sheets or panels in channel 
painting shop following processes are being done; 

S Cleaning with petrol 
S Removing rust 
S Base coat 

S Filling (with chalk powder) 

S Finishing 
S Paint as per demand 

These steps has been further explained below 

• The goal of pretreatment is to create a clean, porous surface which promotes good 
paint adhesion while also helping to prevent under film corrosion after the coating 
process is complete. For removing different dust particles and other extra-impurities 
from the sheet we use first air pressure. This is called Air Pressure Cleaning. 

• Liquid paint is applied using HVLP (high volume/low pressure guns). Liquid paint 
application involves the use of reducers that lower the paint's viscosity to prevent any 
orange peel effect on the finished product. Unlike the powder coating application, liquid 
paint is not done utilizing our conveyor line, but instead the parts are laid flat on trays 
and painted in batches. For cleaning of lubricant material from the sheet to be painted 
we use mixture of petrol and kerosene oil. This mixture is only for cleaning of lubricant 
material. 

• For preventing the sheet from rusting. Sheet is coated with red oxide base. This process 
is called red oxide base coating. 

• When the panel is welded or grinded in the fabrication shop then different holes and 
crest are formed on it. For the recovery of holes filling is done. For filling we use oil 
puttine. This process is called oil puttine filling. For furnishing MP paper is used. 
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• After doing all the cleaning, filling and finishing final painting is done on it. For painting 
spray gun is used. The powder application is done using an electrostatic spray gun. 
Electrostatic guns work because the powder is electrically charged utilizing compressed 
air and voltage. The powder is held in the hopper and fluidized. Once the trigger is 
pulled on the spray gun, the powder is pulled to and out of the gun using compressed 
air. In addition a voltage source creates an electrostatic field at the tip of the gun which 
imparts the powder with a positive charge. 

• According to WAPDA specification thing is also kept in mind that in enamel painting we 
apply three coat of red oxide and one coat of liquid paint. 


2. Powder Paint Shop: 

Powder paint shop is that in which powder paint is used. Powder painting is more 
preferable than enamel painting because it is less costly than enamel painting in power 
painting the panels go through different tasks, which are given by; 

Power paint workflow: 



• Degreasing Tank: 

It is used for the removal of oil and grease. For degreasing we use sodium hydroxide. 
Different specifications of degreasing tank are given by; 
o STD value 20 - 22 ml 

o Temperature 70 - 80 °C 
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o Time 05-15 min 

• Fresh Water Tank: 

After degreasing tank fresh water tank is there. Fresh water tank is used for removing 
Chemicals from the panel. 


• De Rusting Tank: 


De rusting tank is used for de rusting. De rusting means removing the rust from the 
panel or sheet. In de rusting tank HCL is being used for de rusting. The panel is kept in 
de rusting for 10 - 15 min. 


• Phosphating Tank: 

For extra de rusting and preventing the sheet from rusting in future Phosphating tank is 
used. Zinc phosphate is used in Phosphating tank. For preventing the sheet from rusting 
coating is applied on it. Actually a combination of zinc phosphate and tonner is used. 
Zinc phosphate is used for protection and tonner helps in coating. Different 
specifications of Phosphating tank are given below; 

o STD value (Phosphate) 18-20 ml 

o STD value (Toner) 1 - 2.5 ml 

o Temperature 60-80°C 

o Time 10-15 min 


• Hot Water Tank: 

After de rusting tank there is a hot water tank, which is used for removing Chemicals. 
The temperature of this hot water tank is 50 - 70 °C. After passing through different 
tanks, sheet is passed through different processes; 

• After going through all these tanks the sheet or the panel is then hanged in fresh air 
for drying. 

• After that sheet is passed through oven for more de hydration and water removing. 
Different specifications of the oven are given below; 

o Temperature 200 °C 

o Time 5 min 

• After the oven, powder paint unit is there where we apply powder paint on sheet or 
panel. 
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• After the powder paint unit, heat is applied to the sheet or panel in oven. The 
temperature of the oven is kept up to 200 - 220 °C 

• Because powder coating does not have a liquid carrier, it can produce thicker 
coatings than conventional liquid coatings without running or sagging, and powder 
coating produces minimal appearance differences between horizontally coated 
surfaces and vertically coated surfaces. Because no carrier fluid evaporates away, the 
coating process emits few volatile organic compounds (VOC). 


• Powder spray and baking unit: 

Next step is coating of telcem powder coating which is done at 2-2.5 bar pressure. Paint 
thickness is about 60 microns. After that equipment is moved to baking unit where it is 
baked at 220 degree Celsius temperature for 20-25 min. 

Benefits of using powder coat paint technology include: 

• Powder coating emits zero or near zero volatile organic compounds (VOC's). 

• Powder coating can produce much thicker coatings than conventional liquid coatings. 

• Powder coating overspray can be recycled and allows nearly 100% use of the coating 
material. Paint application is typically very even with no runs or sags. 

• Powder coating is thermally bonded to the metal substrate, which provides superior 
adhesion and prevents chipping. 

• Powder coating is virtually harmless to the environment 


RAW 

ALUMINIUM 
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Medium Voltage switchgear 

Workshop 

Day (13-17) 
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Introduction: 


Medium Voltage Switchgear provides centralized control and protection of medium-voltage 
power equipment and circuits in industrial, commercial, and utility installations involving 
generators, motors, feeder circuits, and transmission and distribution lines. 

The main task of medium-voltage switchgear is cost-efficient and safe power distribution. 

Metal clad Vs metal enclosed: 

Metal clad and metal enclosed have very specific difference. The basic is that Metal clad 
switchgear is one where the different chambers of the switchgear panel (like breaker chamber, 
bus bar chamber, LT Chamber, Cable chamber etc.) are separated by metal sheets. The metal 
enclosed switchgear is one in which the enclosure is only specified as metal. 

Specifications: 

At PEL in HT workshop following rating medium voltage metal clad switchgear are being 
manufactured. 

V 11 kv 

V 5.5kv 

V 6.6kkv 

V 6.3kv 

In HT workshop PEL manufacture only metal clad type switch gear. 

Power Transmission & Need for MV switchgear: 

Before describing the MV panels, I will first explain basics of power transmission and why we 
use medium voltage switchgear. MV switchgear provides centralized control and protection of 
medium-voltage power equipment and circuits in industrial, commercial, and utility 
installations involving generators, motors, feeder circuits, and transmission and distribution 
lines. 
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Primary Transmission 


Generating Station 
11, 11.5, 12 or 13kV 



Primary 

Distribution 


Residentiai Consumers 
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Following are the panels which are being manufactured in HT workshop 

• Incoming panel 

• Outgoing panel 

• Bus- coupler panel 

• Capacitor control 

• Auto change over 

• Consumer panel 

• Industrial panel 

• Owner panel 

• Transformer protection panel 

• Ring main unit 

• Bulk metering 

• Pad mounted transformer 

Before describing each of the panel I will first explain where theses panels are used in 
distribution system and scope of each panel. 

• As the grid station have 11 Kv power supply. Which is further stepped down to 220 V for 
commercial consumers. 

• So incoming panel accepts supply directly from the power transformer. 

• Than this supply come to outgoing panel form where we give connection to consumers. 

• In case of industrial usage this outgoing panel is replaced by consumer panel. Consumer 
panel is at grid station and it's also known as grid end panel. 

• After that industrial panel is placed outside the industry which have 11 KV supply its 
complete control is under WAPDA. 

• As industrial panel is under authority of WAPDA so if some industry want to monitor, 
control its power system they use owner panel which is in authority of that industry. 

• Bus coupler is a panel for connecting two 11 kV bus sections in the grid station where 
supply come from two different transformer units. 

• Switchboard has one incoming and two outgoing panels. 

• It's important to note that in the incoming panel there two relays one is the 

S Main relay 
V Back up relay 

It's because before incoming panel we have no other panel to provide protection. 
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• Incoming Panel: 

Supply from the step down transformer come in the incoming panel. In coming panel 
has the following main component 
o Bus bar 
o Main relay 
o Backup relay 
o Instrument transformer 
o Power factor meter 
o Earth fault relay 
o DC supervision relay 
o 6 CTs Box type 
o 3 PTs 
o VCB 
o Indicator 
o On/off switches 
Dimension of panel are given as 

• Panel height 2200mm 

• Panel width 900mm 

• Panel depth 1600mm 

• Bus bar area 1050mm 

We use doublé core CT which has two cores on the secondary side one is used for 
protecting and one is used for measuring. 

• Metering 10VA 

• Protection 15VA 

CT that is used in these panels have turn ratio 100/5. Insulators are used for supporting 
the bus bar in the panel and they also protect this panel from short circuiting. Bus bar is 
used for the flow of current. 

It's important to note that in the incoming panel there two relays one is the 
S Main relay 
S Back up relay 

It's because before incoming panel we have no other panel to provide protection. 
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lt is a panel for connecting two 11 KV bus bar sections in the grid station where two 
distribution transformers are connected. Depending on the switchgear, and the loads 
that the switchgear is feeding, they could be coupled for a couple of different reasons. 

If the buses are being fed from two different transformers, if one of the transformers 
fails, the buses can be coupled so one transformer can feed loads coming off the other 
side of the buses that the failed transformer originally fed. 

If one transformer is providing more KVA than the other, the buses can be coupled to 
transfer load to the other switchgear, providing a more balanced situation, as far as 
transformer loading is concerned. 

It has two portions 
o VCB portion 
o Manual portion 

lt has the following main components 

o VCB 
o LB siwtchl 
o LB switch 2 
o Indicators 


• Outaoinq panel: 

Supply to load is given from this panel, lt consists of the following components. 

o Instrument transformer 
o Energy meter 
o Earth fault relay 
o DC supervision relay 
o 3 CTs Box type 
o VCB 
o Indicator 
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• Consumer panel: 

In case of industrial consumer which requires 11 kV feeder in that case outgoing panel is 
replaced by consumer panel. It is also known as grid end panel. VCB that is used in that 
panel has rating 650A. 6 CTS are used in this panel three for metering and three for 
protection. It has the following components 


o Instrument transformer 
o Energy meter 
o Voltmeter 
o Ampere meter 
o Earth fault relay 
o DC supervision relay 
o Power factor meter 
o 6 CTs Box type 
o VCB 
o Indicator 


This panel also has two portions. 



Metering 



Protection/relaying 


Specifications: 


■ 

Insulation level 

36.96 KV 

■ 

Rated voltage 

12KV 

■ 

System voltage 

11 KV 

■ 

CT ration 

200/5 

■ 

Burden 

10VA 

■ 

CB trip coil voltage 

110DC 

■ 

CB close coil voltage 

110DC 


• Industrial panel: 

Industrial panel is used for giving IIKv feeder to an industrial consumer. It is placed 
outside the industry and its complete authority is to WAPDA. It is placed after the 
consumer panel. There are two types of CTs that are used in this panel 
o Box type 
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lt consist of the following components 

o Ampere meter 
o Voltmeter 
o Energy meter 
o Earth fault relay 
o DC supervision relay 
o 6 CTs Box type 
o VCB 
o Indicator 

This panel has two portions 
o Metering 
o Protection / relaying 

• Owner panel: 
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As WPADA has complete authority on industrial panel to switch off the supply, to 
monitor supply system of an industry we should have some separate panel on which we 
have our authority. Therefore afterthe industrial panel, big industrial user place owner 
panel. 

It has the following components 

o Over current and earth fault relay 
o Buzzer 
o Ampere meter 
o Voltmeter 

o Ampere meter selection switch 
o Voltmeter selection switch 
o 3 CTS bar type 
o 3 PTS 

o Dc supervision relay 
o VCB 

It's an in-out panel which has one incoming and some outgoing panel. Bar type CTs are 
used for protection and metering. A buzzer is places at the top of panel. 
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• Capacitor control panel: 

It's a grid panel .lt just like outgoing panel. We use MIV relay which on and off the 
capacitor. We set it by voltage level. We use VCB, relay and indicator in this panel. All 
panels send to quality control after assembling. 


• Ring main unit: 

The Ring Main Unit solution combines all MV functional units to enable connection, 
supply and protection of one or two transformers on an open ring network. In ring 
power distribution power is distributed in a ring where each point gets power from both 
the directions. 

The main advantage of a ring system is the reliability is high because if one link is 
broken power can be still being delivered from the other link. 
lt is used to connect a transformer's primary winding to a high-voltage ring main. lt 
consists of three load-breaking switches, each with three positions: 'on', 'off', and 'earth'. 
They enable the transformer to be connected/disconnected to the ring; the ring to be 
'broken'; or the transformer to be connected to either half of the broken ring. The 'earth' 
positions allow the transformer's secondary to be earthed, or either half of the (broken) 
ring to be earthed. 

We use SF6 CB in this unit. It's a three ways or four way unit. 


• Pad mounted transformer: 


Main components of this unit are medium voltage switchgear arranged to function as a 
Ring Main Unit (2- TP disconnect switches and 1-fused T-off), transformer, LV 
Switchgear and control gear, corresponding interconnections and auxiliary equipment. 
Enclosure is made of 2-3 mm sheet steel. 

These sub-stations are manufactured for outdoor use, suitable for mounting on a 
concrete pad. Door interlocks and other safety features are inherent part of the design. 
These compact substations are used in distribution centers and industrial installations 
having underground cabling. 
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Technical Spedfication: 

Rated voltage up to 17.5 KV 
Transformer rating up to 1000 KVA 
Protection class IP54 
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Application: 

o Use for outdoor use 
o Suitable for mounting on a concrete pad 

o Door interlocks and other safety features are inherent part of the design, 
o These compact substations are used in distribution centers and industrial 
installations having underground cabling. 

MV Metal Clad Switchgear Cubicles 

Features 

• Air insulated, single bus bar system 

• Protection to IP4X (enhanced degrees as option) 

• Maintenance- free VCB/ SF6 breakers 

• Interchangeability of similar rated breakers 

Safety 

• Metal clad and compartmentalized design to IEC 62271-200 

• Easily and safely accessible service and test positions 

• Prevention of operator errors with interlocks 

• Type tested as per IEC 62271-200 and WAPDA Standards 

Flexibilrty 

• Adaptable to various types of switching devices (vacuum contractor/ disconnect 
switches etc.) Technical Spedfication 

• Rated voltage upto17.5KV 

• Rated current 630A - 2500A 

• Rated short time current up to 40KA 

• Protection class IP4X 

• CB Type Vacuum / SF6 
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Low Voltage (LV) switchgear 

Workshop 

Day (17-20) 
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Introduction: 


PEL has launched low voltage switch gear assembly. LV switchgear are produced for indoor 
and outdoor installation. The switchgear and their key components comply with requirements 
of all international standards and regulations i.e. IEC. PEL switchboards are steel sheet 
fabricated totally enclosed floor mounting type, vermin and dust proof. These are supplied with 
factory fitted components, copper bus bar, internal wiring and terminal blocks. Special 
attention is paid to requirements of safety and protection. 


Specifications: 

At PEL in LT workshop following rating medium voltage metal clad switchgear are being 
manufactured. 

■S 230V 
■S 415V 

In LT workshop PEL manufacture only metal clad type switch gear. 

Types of panel in LT workshop: 

Following are panels which are being manufactured in LT workshop. 

• Incoming panel 

• Outgoing panel 

• Power factor improvement panel 

• Main distribution board 

• Intelligent motor control cabinet 

• Bus coupler 

• Transformer protection panel 

• Bus tie duet 

• Sub main DBs 

• Low voltage distribution panel 

• Sub main panel 

• Auxiliary and outdoor panel 
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• Incoming Panel: 


Submitted by: Fahad Umer 


Secondary of the transformer come in that panel. We use ACB and MCB for small loads. 

CTs are used in this panel for metering purpose and we use CB for protection. As in case of 
low voltage it's the CB which sense and trip our system there is no external relay used for 
the purpose to sense fault current. 


CHARACTERISTICS of MCB: 


• Rated current not more than 100 A. 

• Trip characteristics normally not adjustable. 

• Thermal or thermal-magnetic operation. 

CHARACTERISTICS of ACB: 


• Rated current up to 1000 A. 

• Trip characteristics often fully adjustable including configurable trip thresholds 
and delays. 

• Usually electronically controlled. Some models are microprocessor controlled. 

• Often used for main power distribution in large industrial plant, where the 
breakers are arranged in draw-out enclosures for ease of maintenance. 


• LV Distribution Panel 

Indoor and outdoor type sheet steel fabricated, free standing, front or rear accessibility, 
cable or bus duet connections are supplied complete with air circuit breakers, molded case 
circuit breakers, load break switches, necessary meters, relays and instruments etc. Breakers 
of either fixed or draw-out versions can be supplied as required. Switchgears Panels are 
extensible on both sides. 

Technicgl Specification: 


XJ XJ 


Rated voltage up to 690/750V 
Rated current up to 6000A 
Rated S.C. Current up to 100KA 
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• Outaoina Panel: 


Submltted by: Fahad Umer 


lt is a LT switchboard. It is like incoming panel in shape. It gives the supply to the load. It 
couples with incoming panels with bus bars. We place in it CTs for metering and CBs for 
protection. lt has low rating in amperes than incoming panel. 


• PFI Panel: 


These panels are used for power factor correction and manufactured as indoor units 
with fixed or automatic capacitor switching. The panel is designed to align and couple 
with the LT distribution panels. If requested, reactors can be used to eliminate unwanted 
harmonies. The PFI panel is of self-ventilating design. 

The components used are highly robust and reliable. 

K Microprocessor bosed control unit with built in PF meter, user-friendly 
programmable parameters (sequence, C/K, switching delay etc.). 

K Adequately rated air break contractors backed by HRC fuses. 

K Self-healing, internally protected, dry type capacitors, having very low losses and 
rated for 1. lx UN and 1.3xln. 

We use capacitor bank in delta connection. We use NOKIAN relay 12 steps and 6 steps 
to turn on and off the capacitors. We give the leading KVAR to the load supply we use 
cos© meter for power factor measuring. 
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• Sub main Panel: 


Submitted by: Fahad Umer 


lt is used for small loads as incoming or outgoing panel we cannot use ACB in this 
panel we use CTs, voltmeter, ampere meter, under voltage relay, overvoltage relay. We 
use in Sub main panel MCCB. 
o MCCB 1200A 

• Power DB (Main Distribution Board): 

We use it to give supply for three phase load. We use in this panel one triple board CB 
and three CBs for outgoing. We use MCCB, CT, voltmeter and ampere meter, 
o MCCB 800A 

• Transformer Protection Switch: 


lt is used at secondary of transformer. We use MCCB, MBA static meter, CTs, and copper 
circuit for wiring. 

• Auxiliarv and Outdoor Panel: 

This panel is used for protection of power transformer when we over heat its winding or 
at over load. lt automatically energizes the cooling system. Auxiliary panel is interlinked 
with outdoor panel, lt also Controls the tape changer of transformer. We use; 

• MCB with overload 1A-1.6A 

• Winding temperature indicator. 

• Ampere meter. 

• Selector switch. 

lt operates automatically and manually. lt is AC and DC operated. 

• DC 110V 

• AC 415V 
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• Motor Control Panel: 


Submitted by: Fahad Umer 


o In this panel we use starters for motor starting (DOL and star delta starter). The starter 
will start the motor in star connection and when motor runs, it will change the 
connection from star to delta. 

o Now in delta connection motor runs at its full speed. We can also turn on and off the 
motor manually. 

o These panels are manufactured at various power levels as indoor units. Draw-out units 
vary in size and power level. Interlocks, covers, etc. are provided to prevent incorrect or 
unsafe operation and to prevent access to live parts. 
o The bus bars are at the top of the assembly and are contained within segregated 
chambers. The riser bars also run within a segregated chamber, down each rack 
section to feed individual compartment through an automatic shutter system. 
o These units are used at command and control system. Repair and maintenance can be 
carried out on a withdraw-able unit without interrupting power to the other units. 
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• Bus tie duet: 


Submitted by: Fahad Umer 


• PEL develop and fabricate made-to measure low voltage Bus Duet systems is air 
insulated, non-segregated construction. 

• Our Bus Ducts are designed to meet the required voltage, ampere and fault level 
ratings. 

• Copper bus bars are sized in accordance with the specified ratings to operate within 
IEC temperature rise limits. Joints are tin-plated. 

• Provision for the bus expansion is furnished as required by the configuration and 
length of each system. 

• Flexible connections are provided at the transformer end to absorb the vibrations. 

• Enclosure up to 3000A rating is made of sheet steel while above 3000A (up to 
6000A), non-magnetic aluminum enclosures are used to eliminated hysteresis 
losses. The enclosure is of self-ventilating design. It is used between two incomings. 
It is interlocked in such a way that one incoming is on and other one is off. In bus 
coupler panel ACB is used for protection. 



• Other LV Equipment 

• Relay and control panels for 132/ 220KV Grid Stations 

• AC/DC Auxiliary Services Panels 

• Piano type control desks 

• Distribution boards for power as well as for lighting 

• Feeder Pillars 
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Inception and Quality control 

Day (21-22) 
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Inspection and Quality control (I & QC) 

Introduction: 


After the assembly of panel form the workshop the panel is send to the panel is send to I & qc 
department for testing. At PEL 

• Elaborate quality assurance systems for inward, ln-process and final quality of items 
ensuring consistent quality of products 

• HV Test kit suitable for use up to 100 kV 

• Full-fledged in-house facility available for Conducting all routine tests 
There are two main types of test 

1. Type test 

2. Routine test 


1. Type test: 

These test are classified as 

• Temperature test 

• High voltage test 

• Short circuit test 

Temperature test: 

In this test we check the temp of panel when we flow 630 A current from the bus bars of 
panel. In the IEC rules the temp should not increase form 70C when 630A current passes. If 
temp is greater than 70c than we increase the thickness of bus bar to meet IEC Standard 

Impulse voltage test 

It's high voltage test. These voltages are produced due to lighting effect for these tests we 
give 95kv to the bus bars of panel for 1/50 us. To determine the equipment is in proper 
condition to put in service, after installation for which it was designed and to give some 
basis for predicting whether or not that a healthy condition will remain or if deterioration is 
underway which can result in abnormally short life. 
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Short circuit test: 


Submitted by: Fahad Umer 


lt his test we flow short current form the bus bar of the panel for 500ms after this we check 
the feasibility of the bus bar that it is not damaged. We use insulator to give support to bus 
bar. 


2. Routine test: 

The routine test are classified as the follows 
o Power frequency test of main circuit 
o Power frequency test of control wiring 
o Resistance test 
o Test on auxiliary 
o Mechanical; operation of CB 

Power freguency_ test ofmain circuit 

In this test we give 36kv to the main circuit of panel for one min. here we check the feasibility 
of the bus bar we also check that any SC is occur in the panel or not. 

Power freguency_ test of control circuit 

In this test we give 2kve to the control circuit of panel for one min. Hence we check the 
insulation of all wires that any wire is damaged or not. 

Resistance test 

We make this test to check that our VCB is properly working or not. We connect the leads of 
resistance meter with income bus bar and outgoing bus bar. Hence we check unbalancing of 
phase. 

Mechanical test on CB: 

In this test we turn on and off the VCB mechanically. We rake in and rake out the vcb. We give 
the supply to test the panel and to on and off VCB mechanically. After this we check contacts' 
feasibility of VCB. 

AuxiUgry_ test on relgy: 

In this test we set the relay at 2.5 A. When over current will pass through there will be a 
tripping on VCB, when current increases than our set value. 
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Change yourlife _ 

Maintenance department 


Introduction: 


Maintenance Department looks to every department, and is being called by every department 
in case of need. Maintenance department has to maintain everything of the factory with and 
without the call of the department. Department in which the problem arises send a request for 
their problem to maintenance department. Maintenance department generates a work order 
towards for the solution of their problem. After the matter is solved (repair) maintenance 
department send a feedback report to the concerned department to inquire their satisfactory. 
If the department is satisfied then the work order is closed. This all communication is done 
electronically by software developed by PEL known as MMS. 

o Receives the maintenance request 
o Generates the work order, 
o Updates the status 
o Feedback. 


There are two types of Maintenances: 

Preventive Maintenance 

lt is a precautionary maintenance to avoid certain breakdowns. This may include service, 
tuning, oil checking etc. of the machines frequently. 

Breakdown Maintenance 

lt is special maintenance or repair in case any machine certainly stops working and is on 
request. 

Maintenance department classify the system in to two parts: 

o Common 

lt includes AUTO, ELECTRICAL and MECHANICAL 

o TR unit 

lt includes all the machines used in the factory. 
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A ppendix A: 


VCB 

— 

Vacuum circuit breaker 

ACB 

- 

Air circuit breaker 

MCCB 

- 

Molded case circuit breaker 

MCB 

- 

Miniature circuit breaker 

CA/C 

- 

Computerizes numerical control 

CB 

- 

Circuit breaker 

PF 

= 

Power factor 

HT 

- 

High tension 

LT 

- 

Low tension 

LV 

- 

Low voltage 

HV 

- 

High voltage 
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Supervisor's remarks 


Comments: 


Supervisor signature: 

Mam Safoora Qayum . 

(Switchgear design engineer) 

Mr. Tanveer Ahmad. . 

(Assistant senior design engineer) 
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